In many regions of the remote troposphere the 1990]. The NO mixing ratios observed in the summertime availability of reactive odd nitrogen in the form of nitric troposphere (0.15 -6.2 kin) over Alaska were, on average, oxide (NO) is a critical factor controlling the slightly larger than those observed over the remote lowerphotochemical production of ozone (03) ß This control of latitude marine environments [Sandhobn et al., 1992] . The 03 production occurs through NO reaction with summertime NO mixing ratios over Alaska were still small hydroperoxy and organoperoxy radicals (HO2 and RO2). enough to result in predictions of a net photochemical loss The photochemical destruction rate for 03 is believed to be of 03 in the lower 6-km column. In these cases the 03 controlled by reactions of 03 with the hydroperoxy radical photochemical lifetime was predicted to be nearly equal to (HO2) and by direct photolysis of 03 leading to hydroxyl the lifetime based on surface deposition. These results radical (OH)production. The absence of NO would result also indicated that the 0 3 photochemical lifetime was in a net photochemical loss of 03 throughout the nearly 2.5 times longer than that predicted in the absence troposphere. Over remote tropical andmidlatitudemarine of NO [Jacob et al., 1992] . The middle to lower environments, observed NO mixing ratios have been small tropospheric summertime measurements of NO made over The 226-nm and 1.1-/•m laser beams used in the twophoton fluorescence excitation process were passed through three separate ambient sampling cells. One cell was designated for detecting ambient NO. A second cell was designated for detecting NO produced from a photolytic conversion of ambient NO2. The third cell was designated for detecting NO produced from the 300øC gold-catalyzed conversion of ambient NOy using 0.3% CO as a reducing agent. The NO, NO,_, and NOy channels used separate signal acquisition electronics, flow measurement and control systems, and signal normalization/internal reference standards.
Ambient air was continuously drawn in through a common porcelain-glass coated inlet (2.5-cm ID) at a nominal flow rate of 200 liters per minute (lpm). The airstream was sampled perpendicular to the aircraft motion. The sample residence time through the inlet manifold was always less than half a second. Total sample residence time through the NO ambient sampling portion of the instrument was less than i s. Sample residence time in the NO,• portion of the instrument varied between i and 5 s, depending on the photolytic converter system used.
NOy samples were drawn from the center of the ambient sampling manifold at a location near the NOy converter assembly with a residence time • 0.2 s from the manifold to the NOy converter. The sampling manifold and flow line fittings were tested inflight for leaks using a 10 parts per million by volume (ppmv) NO standard as a leak tracer.
During ABLE 3A an excimer laser was used as the photolytic convertor system's photolysis source [Sandholm et al., 1990; Sandhobn et al., 1992] . To reduce the instrument's size, weight, and power consumption, a highpressure xenon arc-lamp-based photolytic converter was used during the ABLE 3B program. This latter converter utilized a 1-kW Cermax short-arc lamp that was spectrally filtered into a photolysis passband of 350 nm < ,X < 420 nm. This converter was designed to operate at 30% to 60% photolytic efficiency with sample residence times ranging from 2 to 4.5 s, respectively. The low wavelength cutoff (10% peak spectral fluence) of 350 nm was chosen to minimize possible interferences from concomitant R-NO• compounds. Deep UV (,X < 330 rim) and Visible/IR (,X > 480 nm) emissions from the lamp were attenuated by > 103-fold relative to the intensity at the center of the passband. The photolysis beam was also spatially filtered to avoid illumination of the photolytic sample cell's walls. In both the excimer laser and the arc-lamp-based converters, the photolytic sample cells were thermally controlled using a high flow rate of ambient air that was passed through an outer jacket of each cell.
The NOy catalytic converter system used with the TP/LIF sensor was adapted from the NOy converter Inflight and preflight/postflight calibrations were performed by standard additions to either ambient air (inflight) or bottled air (preflight/postflight). Two-stage serial dilution systems were used to dilute the parts per minute by volume mixing ratios of standards contained by high-pressure aluminum cylinders. The diluted standards were injected directly into the ambient sampling inlet and subsequently diluted to final concentration (0.1 to 2 parts per billion by volume (ppbv)). All flow measurements were made with linear mass flow controllers or meters.
These devices were intercompared with positive volume displacement flow measurement instrumentation prior to and after both the ABLE 3A and ABLE 3B field programs.
Primary and secondary gas calibration standards were used for both NO and NO 2. The 50 ppmv (in nitrogen) NO and NO 2 primary standards used for intercalibration have remained stable since their acquisition in 1981 (i.e., < 10% deviation from initial conditions from 1981 to 1991). Standards were intercompared with National Institute of Standards and Technology (NIST) standards as part of the NASA/GTE field measurement program protocol in 1983, 1984, 1986, 1990 , and 1991. High-pressure nitroethane (C2HsNO2) in helium standards were developed to provide a more rigorous test of the NOy conversion efficiency. These C2HsNO• standards were made from reagent grade C2HsNO 2 that was further purified by several lowtemperature vacuum distillations in which only the middle third of the distillate was retained. Aluminum cylinders were vacuum baked (< 10 '3 mbar, 50øC) and flushed several times, then filled with a known pressure of the purified C2HsNO 2 and diluted with research purity helium to a final cylinder pressure of about 1600 psig. Final C2HsNO 2 mixing ratios determined from the cylinder contents by UV absorption agreed to within 10% of the value calculated from partial pressure dilution. The C2HsNO • standards have proven to be stable at mixing ratios in the range of 10 ppmv. Inflight calibrations were made using NO and NO2 during ABLE 3A and using NO, NO2, and C2HsNO 2 during ABLE 3B.
The preflight/postflight mixing ratios measured in PAN and PPN were measured using a cryotrap (CT) preconcentration sample loop in conjunction with gas chromatographic (GC) separation, and a tandem columetric electron capture detection (ECD system). In the CT/GC/ECD technique, typically 0.10 to 0.20 standard liters of ambient air, drawn through an aft-facing Teflon inlet, were enriched in a cryotrap held at a constant -150 ø C temperature. The preconcentrated samples were then analyzed using a GC/ECD that was operated at constant pressure (1050 mbar).
Calibration of the PAN instrument was accomplished using diffusion tubes containing PAN standards that were prepared by the CH3CHO/NO2/C12 photolysis method [Singh and Salas, 1983] and dissolved/stored in liquid ntridecane [Gaffhey et al., 1984] . Air was passed over the diffusion tube at a constant rate of flow to provide a calibration gas stream having PAN mixing ratios in the ppbv range. This calibration gas stream was periodically added at a downstream point in the ambient sampling line. PAN mixing ratios in the calibration gas stream were measured onboard the aircraft using a hot molybdenum oxide converter (375 ø C) coupled to a chemiluminescence NO monitor. Calibration of this chemiluminescence system was accomplished using both NO2 and NO standards that were intercompared with NIST primary standards as part of the CITE 2 and ABLE 3B field program protocols. The calibration gas stream was further diluted using a two-stage serial dilution system to provide final PAN calibration mixing ratios in the parts per trillion by volume range. Linear mass flow controllers/meters used in this dilution system were compared with volume displacement standards. The accuracy of the PAN calibration transfer to ambient air measurements is estimated to be +25% at the 95% confidence level.
The CT/GC/ECD PAN instrument was shown to be linear for PAN mixing ratios ranging from 5 to 1000 pptv. The typical limit of detection of the CT/GC/ECD PAN instrument was < 5 pptv for 100 ml of sampled air. Measurement precision was +10% at the 95% confidence level for PAN mixing ratios that were well above the limit of detection (i.e., PAN > 50 pptv).
This CT/GC/ECD PAN instrument was used in the NASA/GTE CITE 2 airborne intercomparison program [Gregory et al., 1990c] . This intercomparison program pointed out the need for onboard verification of PAN standards. As outlined above, onboard PAN standard verification was carried out during both ABLE 3A and ABLE 3B. The CITE 2 airborne intercomparison concluded that the two PAN instruments agreed, on the average, to about 20 pptv for PAN mixing ratios < 100 pptv. At larger PAN mixing ratios, agreement between individual measurements and the average was possible at the +30% level for a 95% confidence limit even though individual pairs of measurements might sometimes fall outside this range. The PAN measurements that were intercompared fell close to agreeing within the stated accuracy and precision of the instruments [Gregory et al., •990c1.
HN03 Measurements
Gas phase HNO3 was measured using a mist-chamber (MC) aqueous scrubber as a preconcentrator for subsequent determination of NO3-by ion chromatography (IC). Details of this technique have been previously described [Talbot et al., 1990; Talbot et al., 1992] . In this technique, gas phase HNO3 and other soluble gases were stripped from ambient air into a dense mist of ultrapure The MC/IC calibrations were based on solutions prepared from dried KNO3. These nitrate standards have agreed within +3% of NIST standard solutions. The IC limit of detection (LOD) for HNO3 was equivalent to 20 pptv for a 30-min sample collection time, using 30 slpm sample flow rates, where the LOD is inversely proportional to changes in the sample collection time. Blanks were obtained prior to each flight by sampling ambient air that was scrubbed of HNO3 after passing through a series of impregnated and activated charcoal filters. Blank values were consistently at or below the LOD of the IC system using a 30-rain sample collection time. Accuracy of the ICs calibration transfer to ambient HNO3 measurements is estimated to be +20% at the 95% confidence level, based on the uncertainties in the IC analysis of NO3', the results of laboratory tests of the MC's collection and the inlet's passing efficiencies for HNO3, and the uncertainties in the measurement of the sampled air volume. The sampling time used during ABLE 3A ranged from 15 minutes to 3 hours, whereas those used during the ABLE-3B program ranged from 3 to 45 minutes. The ABLE 3B program focused on two primary study areas, the Hudson Bay lowlands over northern Ontario/Manitoba (missions 2-9) and the boreal-forested regions of northern Labrador and Quebec (missions 11-19). The air mass origins for these study areas Table I gives a summary of the NxOy composition observed in the filtered data set for the Alaska, the Hudson Bay lowlands, and the northern Labrador/Quebec study regions. These data have been separated into measurements made in the middle free troposphere (from 3 km to 6.2 km) and those made in the planetary boundary layer (taken here as < 3 km). Inspection of Table 1 • Tables 3 and  4 ). This suggests that the air masses over this region appear to have been influenced by both the influx of establishing the ensemble average of an air mass's relative age. This precludes the unambiguous identification of sources and sinks based on any one "chemical clock's" estimate of an air mass's age and certainly precludes directly determining causation from any individual correlative trend. Thus, whereas it is tempting to argue that the on average correlation between 03 and NOy is suggestive of a common stratospheric source, it is perhaps more appropriate to suggest that this correlation merely reflects the common behavior of two species that are reasonably long-lived in the upper troposphere (as is CO) and that share similar loss rates due to photochemical and/or deposition processes as air parcels become distributed (and diluted) on a hemispheric scale. The small HNO3 fraction of NOy in these data sets also support this latter argument, unless an efficient mechanism can be identified that is capable of converting stratospherically derived HNO3 back into more active forms of NOy. HNO3, PAN, and PPN) . Within the estimated precision and accuracy of the measurements, statistically significant differences were found between the ABLE 3 study regions.
In 
